Purpose: Human Development Index (HDI) reported annually by the United Nations Development Program (UNDP) is a popular measure of human well-being. The purpose of this study is to propose a Multiple Criteria Decision Making (MCDM) technique named Modified Similarity technique for ranking countries based on multi-criteria HDI.
Introduction
Human development can be determined as the process of bringing freedom and opportunities for people and sublimating their wellbeing. This concept was developed by Mahbub ul Haq, an economist who argued that human development is an approach which is concerned with advancing the richness of human life. He believed in failing the existing measures of human progress to account for the basic purpose of development, which is to improve people's lives (Yassin, Shaffril, Hassan, Othman, Samah, Samah et al, 2011) .
In 1989 United Nations Development Program (UNDP) sponsored a project to develop an index for better understanding and measuring development in countries across the world. This project resulted in creating the Human Development Index (HDI). The primary aim of this index was to rank countries based on the composite scores of multiple components. The major advantage of this scale is that it incorporates the traditional economic component with two other components, including a biological measure of life expectancy and a cultural measure of education (Porter & Purser, 2008) .
Indeed, unlike the objectives of the first, the second and the third UN development decades (1960, 1970, 1980) which mostly focused on economic growth, the objective of promoting human wellbeing that entails dignity, freedom and equality for all people, was an approach advocated by the Human Development Report since its inception (UNDP, 2003) .
After introducing the HDI, the UNDP published a report in 1990, in which the index was computed for each country as a measure of the nation's human development. Since then UNDP has continued publishing a series of annual Human Development Reports (HDRs).
The first HDR implied that human development is more than just income, wealth and accumulating capital and it defined human development as the process of enlarging people's choices. The most critical choices are to live long and healthy, to be educated and to have access to resources for a decent standard of living (UNDP, 1990) .
Despite the comprehensiveness of the HDI in its simultaneous attention to the economic, social and biological components, it has always provoked criticisms from some scholars and policy -255-Journal of Industrial Engineering and Management -http://dx.doi. org/10.3926/jiem.837 makers. Some of these criticisms are related to the method of calculating the index in the form of computing the average of the three health, education and income dimension indices with equally allocated weight (see, e.g., Kelley, 1991; Srinivasan, 1994; Ravallion, 1997; Ravallion, 2012) . Therefore, in an attempt to eliminate some of the weaknesses associated with the index, this study uses Modified Similarity Multi-Criteria Decision Making (MCDM) method, as an alternative to the average method of ranking countries in terms of human development.
In this regard the next section introduces the three dimensions and the four indicators which form the HDI, and then the methodology which is used to calculate the HDI in 2010 and 2011
HDRs, is presented. It is followed by enumerating some of the important criticisms with which the HDI has been faced during its 20-year history. In section 3, a brief explanation of the MCDM approach and the TOPSIS technique as one of the best MCDM techniques, are presented. In addition, some of the problems which may be caused by using this technique are expressed. After that, in order to reduce some of the faults with the HDI calculation, which are implied by a group of criticisms, we present the Similarity technique which is an efficient MCDM technique that overcomes the problems caused by the TOPSIS method. Due to some discrepancies associated with the technique introduced by Deng (2007) , a Modified Similarity technique is discussed. Finally ranking of the countries reported in 2011 HDR, is presented through the Modified Similarity technique.
The Human Development Index
The HDI is a composite measure of country-level achievements in three basic dimensions of human development: a long and healthy life, access to education and a decent standard of living (UNDP, 2010). The HDI scores for both rich and poor countries, which is the average value of achievements in these three dimensions, are annually calculated and published as HDRs by UNDP. In fact three important objectives of UNDP are followed by publishing this well-known index:
• Breaking the dominance of the Gross National Product (GNP) as the index of development.
• Showing the distance of each country from the maximum possible value of the index.
• Comparing the countries in terms of both country rank and HDI values (Panigrahi & Sivramkrishna, 2002) .
Before 2010 the indicators used to measure HDI were as the following: life expectancy at birth for the health dimension, adult literacy rate and gross enrolment ratio for the education dimension, and Gross Domestic Product (GDP) per capita for the standard of living dimension.
In HDI 20th anniversary edition in 2010, the indicators calculating the index were changed.
-256-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.837 HDI remained an aggregate measure of progress in three health, education and income dimensions, but in this edition the indicators used to measure progress in education and income dimensions were modified and the way they are aggregated was changed. In the education dimension, literacy indicator was replaced by mean years of schooling, and gross enrolment indicator was changed to expected years of schooling. The cause of these changes is that mean years of schooling is estimated more frequently and can discriminate better among countries. Expected years of schooling is consistent with the reframing of this dimension in terms of years.
In the standard of living dimension, gross domestic product (GDP) per capita was replaced by gross national income (GNI) per capita still at purchasing power parity (PPP) and logged. The cause of this change is that in a globalized world there could be large differences between the income of a country's residents and its domestic production. The possible reasons for this difference could be considered as sending residents' income abroad and receiving international remittances or aid flows. 
The HDI methodology
The HDI as a composite index of three different dimensions is measured for each country by UNDP. Then countries are ranked based on this index in terms of human development. For this purpose, the three core dimensions of the HDI are first put on a common (0, 1) scale.
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The rescaled indicator is:
Standardized value = actual value−minimum value range (maximum− minimum)
The maximum values are the highest values observed in the time series and the minimum values are set at 20 years for life expectancy indicator, 0 years for both education indicatorsand 100 dollars for gross national income (GNI) per capita indicator.
For education, equation (1) is applied to each of the two indicators, then a geometric mean of the resulting indices is created and finally, equation (1) is reapplied to the geometric mean of the indices using 0 as the minimum and the highest geometric mean of the resulting indices for the time period under consideration as the maximum. Since each indicator is a proxy for capabilities in the corresponding dimension, the transformation function from income to capabilities is likely to be concave. Thus the natural logarithm of the actual, minimum and maximum values is used for the income.
After that, the geometric mean of the dimensions is calculated to produce the Human Development Index (UNDP, 2011). 
Finally this index is used to rank countries in a descending order.
Critiques of the HDI
Among all of the indices which try to measure human development, the HDI has become one of the most widely used indicators for comparisons of welfare in its 20-year history because of its multidimensional well-being measurement as well as its transparency and simplicity (Harttgen & Klasen, 2012) . The HDI ranking has such a great impact on policy that some national governments announce their HDI ranking and their target ranking which they aspire to achieve (Engineer, King & Roy, 2008) . However, the HDI has received major criticisms since its inception, from HDR construction and composition to expand and include more dimensions (UNDP, 2010).
The first group of critiques such as Anand and Sen (1992) were mental well-being, empowerment, political freedom, social relations, community well-being, inequalities, work conditions, leisure conditions, political security, economic security and environmental conditions.
Sanusi (2008) tried to widen the scope of issues covered by the HDI and implied that housing facilities and housing conditions help in increasing the scope of human development. He examined housing facilities, housing adequacy, housing space and solid waste disposal as the issues that affect human development. Bhanojirao (1991) suggested the inclusion of additional dimensions such as political, economic and social freedom, opportunities for being creative and productive, personal self-respect, and guaranteed human rights.
Neumayer (2001), Morse (2003) , Moran, Wackernagel, Kitzes, Goldfinger and Boutaud (2008) and Dias, Mottos and Balestieri (2006) were concerned about consideration of natural resources conservation, environment and rational energy use concepts in development measuring. For example Neumayer (2001) and Morse (2003) believed in greening the HDI and proposed some methods to take into account the natural resource consumption and environmental dimensions in computing the development of countries.
Ogwang (1994) used a variable selection strategy and found that life expectancy would be the best choice to represent the three components of the HDI. Accordingly, a simplified HDI could be obtained, without loss of too much information and at a lower cost, by subtracting the life expectancy deprivation index from unity. Engineer et al. (2008) argued that it is better to drop the income component from the HDI because it does not play its expected role of accessing a decent standard of living. They believed that income only double counts the effect of education and health components.
The second group of critiques believes that the HDI does not take into account inequality within countries. They believe that the HDI looks at the average achievements and does not take into account the distribution of human development within a country. The concept of inequality could be applied to variables such as gender, ethnic and income groups (Grimm, Harttgen, Klasen & Misselhorn, 2008) . Sagar and Najam (1998) pointed out the use of the GDP per capita component as a proxy for average income does not allow for major differences in income distribution within a country. Grimm et al. (2008) suggested a methodology to compute the three components and the overall HDI for quintiles of the income distribution. This technique allows comparisons of the levels in human development of the poor and non-poor within and across countries.
-259-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.837 Harttgen and Klasen (2012) proposed a method to calculate a proxy HDI at the household level. Their approach allows the analysis of the inequality in human development between population subgroups and by socioeconomic characteristics. Hicks (1997) believed in inequality in the human development index and suggested to discount each dimensional index by one minus the Gini coefficient before the arithmetic mean over all three dimensions is taken. Therefore, index value for high inequality dimension and its contribution to the HDI is being lowered. He believed in publishing an Inequality-Adjusted Human Development Index (IAHDI) alongside the HDI.
The gender-related development index (GDI), was a UNDP attempt in the direction of this second group of criticisms. The GDI adjusts the HDI by gender inequalities in life expectancy, education and income dimensions. This index measures each indicator separately for men and women, and then calculates the harmonic mean of them (UNDP, 1995) .
The third group of criticisms is related to HDI analytical framework and methodology.
McGillivray (1991) questioned both the composition of the HDI and its usefulness as an index of development and concluded that the HDI would flaw in its composition and more profoundly it could largely provide a little more information regarding inter-country development levels than the more traditional indicator GNP per capita.
Wolff, Chong and Auffhammer (2011) provided a detailed discussion of the three sources of data error: measurement error due to data updating, data noise due to formula revision and misclassification due to inconsistent thresholds of classifying a country's development status.
They calculated the likelihood of each country's deviation from the original published HDI rank and emphasized that the statements based on ordinal HDI comparisons should be interpreted with great care. Kelley (1991) , Ravallion (1997) and Srinivasan (1994) criticized that the HDI uses an arbitrary equally weighting scheme of the three components.
Chowdhury and Squire (2006) considered applying a very simple weighting scheme to be universally wrong and implied that each of the HDI components should receive weights according to their contribution to human development. Noorbakhsh (1998) suggested a number of modifications in two categories of technical issues ranging from those related to the components of the index to those relevant to the structure of the index. This resulted in a modified version of this index. Desai (1991) proposed altering the weight for income above poverty level from zero to some small quantity as an improvement which needs to be pursued in future development of the index.
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Baliamoune-Lutz and McGillivray (2006) applied a framework to provide a fuzzy representation of the HDI and its three components. They found large differences in countries' ranks through fuzzy HDI methodology in comparison with non-fuzzy HDI. Herrero, Martinez and Villar (2012) implied that the substantial modifications in the 2010 edition of the HDR-including changes in some of the variables, a different method of aggregation and the introduction of distributive considerations, still have some inconsistencies.
They suggested a number of relative changes in some of the technical issues in the HDI methodology. Changes in the use of logs for the income variable and in the type of adopted normalization are some of the authors' suggested modifications.
Ravallion (2012) 
Multiple criteria decision making
Many papers have proposed analytical models as aids in conflict management situations.
Among the numerous approaches available for conflict management, one of the most prevalent is Multiple Criteria Decision Making. MCDM problem is a problem in which the decision maker intends to choose one out of several alternatives on the basis of a set of criteria. MCDM constitutes a set of techniques which can be used for comparing and evaluating the alternatives in terms of a number of qualitative and/or quantitative criteria with different measurement units for the purpose of selecting or ranking (Ozcan, Celebi & Esnaf, 2011) . It can help users understand the results of integrated assessments, including tradeoffs among policy objectives, and use these results in a systematic and defensible way to develop policy recommendations (Wang, Cheng & Kun-Cheng, 2009 ). MCDM could be appropriate for evaluating a set of alternatives with respect to three objectives.
• Choosing the best alternative among a set of alternatives
• Sorting the alternatives into relatively homogeneous groups or arranging them in a preference order.
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• Ranking the alternatives in a descending or ascending order (Chen, Kilgour & Hipel, 2011) .
Great efforts in the field of developing and improving MCDM techniques are resulted in numerous approaches for effectively addressing general multiple criteria analysis decision problems (Deng, 2007) . The application of these methods Depends on the structure of decision problems (Ozcan et al., 2011) .
TOPSIS technique
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), one of the known classical MCDM methods, was first developed by Hwang and Yoon (1981) for solving an MCDM problem. Ranking of alternatives in the TOPSIS method is based on the shortest distance from the Positive Ideal Solution (PIS) and the farthest from the Negative Ideal Solution (NIS). This method simultaneously considers the distances of alternatives to both PIS and NIS, then the preference index for each alternative according to their relative closeness and a combination of these two distance measures is ranked (Hwang & Yoon, 1981) . Thus, TOPSIS minimizes the distance to the PIS while maximizing the distance to the NIS.
Kim, Park and Yoon (1997) and Shih, Shyur and Lee (2007) addressed four TOPSIS
advantages: (1) a sound logic represents the rationale of human choice; (2) a scalar value which simultaneously considers both the best and worst alternatives; (3) a simple computation process that can be easily programmed and (4) ability of the performance measures of all alternatives on attributes to be visualized on a polyhedron, at least for any two dimensions.
Despite these advantages, the process of calculating the performance index for each alternative across all criteria in the TOPSIS approach may need more consideration (Chen & Hwang, 1992) . Under some circumstances when we compare two alternatives (vectors) just simply based on their distance from PIS and NIS, counter intuition outcomes may occur.
Mathematically, comparing two alternatives in the form of two vectors is better represented by the magnitude of the alternatives and the degree of conflict between each alternative and the ideal solution, rather than just calculating the relative distance between them (Deng, 2007) .
To avoid this concern about TOPSIS approach, Similarity approach presented by (Deng, 2007) , makes use of the ideal solution concept in such a way that the most preferred alternative should have the highest degree of similarity to the PIS and the lowest degree of similarity to the NIS. The overall performance index of each alternative across all criteria is determined based on the combination of these two degrees of similarity measure concepts using alternative gradient and magnitude.
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In this paper we use a similarity based technique by (Deng, 2007) to rank countries in terms of HDI. In addition, during the presentation of Similarity multiple criteria analysis approach in the next section, a solution is provided for resolving a problem which exists in Deng's technique.
Proposed modified Similarity technique methodology
Similarity multiple criteria decision making approach can be presented in an algorithmic form as follows:
Step1. Determining the decision matrix:
A general multiple criteria analysis problem is represented as a decision matrix which consists of a set of alternatives Ai (i=1,2,…,n) to be evaluated against a set of criteria Cj (j=1,2, …,m).
In order to facilitate the development of the multiple criteria decision making approach, all of the criteria Cj are assumed to be benefit criteria. It means that the larger the value of the performance of each alternative with respect to each criterion, the more preferable the alternative. If a criterion is a cost one, the transformation processes such as a reversing original criterion value, could be necessary to maintain the consistency of the decision matrix.
Step2. Determining the weighting vector as below:
In which the relative importance of criterion Cj with respect to the overall objective of the problem is represented as wj.
Step3. Normalizing the decision matrix through Euclidean normalization:
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As a result, a normalized decision matrix can be determined as:
Step4. Calculating the performance matrix:
The weighted performance matrix which reflects the performance of each alternative with respect to each criterion is determined by multiplying the normalized decision matrix (6) 
Step6. Calculating the conflict index between the alternatives and the PIS and the NIS:
As we implied earlier according to Deng (2007) the logic of TOPSIS method in ranking the alternatives based on their distances from the positive and the negative ideal solutions could be problematic in some circumstances. In this regard some researchers introduce better measures than just distance, in order to compare the alternatives to PIS and NIS (see, e.g., Zhongliang, 2011) . Deng (2007) introduced the concept of alternative gradient to represent the conflict of alternatives in multiple criteria analysis problems.
Assume that Ai is a vector which represents an alternative and Ij 
Step7. Calculating the degree of similarity of the alternatives between each alternative and the PIS and the NIS:
Based on the degree of the conflict between the alternatives and the PIS and the NIS, the degree of similarity between the alternatives and Ij will have problem with calculating the performance index in the next step.
As it is shown in Figure 2 , x is the projection of the alternative vector Ai on the PIS vector Ij + .
Since the PIS has the greatest value among alternatives, the Ai vector is equal or shorter than it. As a result we will have a number between 0 and 1 for Si In order to fix the problem we need another vector, and y' is the best choice. As it is shown in Figure 2 , y' is the projection of the NIS vector Ij -on the alternative vector w Ai hich is always lower than the alternative vector. Thus we propose the below equation to overcome the problem related to Deng's method.
With this change in calculation we will have a number between 0 and 1 for Si -just as Si + .
Step8. Calculating the overall performance index for each alternative across all criteria:
This index can be calculated based on the concept of the degree of similarity of alternative Ai relative to the ideal solutions.
In contrast to the Similarity technique which is presented by Deng (2007) Step9. Ranking the alternatives in the descending order of the performance index value. Before ranking the countries we use equation (1) which already was expressed in the second part of the article (The HDI methodology) to put data on a common (0, 1) scale. The result is shown in Table 2 . After this rescaling, we have our required data to follow the steps of Modified Similarity technique as below:
Ranking countries in termsof HDI through modified Similarity technique
Step1. Determining the decision matrix In this matrix 187 countries which have been investigated in the 2011 HDR, are considered to be alternatives and the four HD indices formed the criteria. Data which are rescaled through equation (1) constitute our decision matrix elements.
The sample decision matrix for France is as shown Step4. Calculating the performance matrix This step is passed up following step 2.
Step5. Determining the PIS and the NIS
The PIS and the NIS are attainable from all the alternatives (184 countries) across all four criteria according to equation (8).The PIS and the NIS are shown in Table 4 . Table 4 . PIS and NIS
Step6. Calculating the conflict index
The degree of conflict between alternatives and PIS and NIS is calculated based on equation (9) and is shown in Table 6 . Table 5 .Degree of conflict between the alternative (France as a sample) and PIS and NIS
Step7. Calculating the degree of similarity
The degree of similarity of the alternatives between each alternative and the PIS and the NIS is calculated based on equations (10) and (11). The degree of similarity of France as a sample and I+(I-) is shown in Table 6 .
-268- Table 6 . Degree of similarity of alternatives (France as a sample) and PIS and NIS
Step8. Calculating the overall performance index
The overall performance index for each alternative across all four criteria is calculated based on equation (12). This index is shown for France as a sample in Table 7 .
Pi 0.870772 Table 7 . The overall performance index for alternatives (France as a sample) across all criteria
Step9. Ranking the alternatives
Finally the alternatives could be ranked in the descending order of the Pi index value.
The first ten countries which are ranked through Modified Similarity technique are reported in Table 8 . The HDI ranking of 2011 HDR is also shown in Table 8 . (Deng, 2007) in order to construct a better logic for ranking countries based on HDI. Similarity technique not only has the advantages of TOPSIS method but also eliminates its major weaknesses. Like TOPSIS, the Similarity method compares the alternatives with the positive and the negative ideal solutions but the comparison in Similarity technique is based on a broader concept. In this method the overall performance index of each alternative across all criteria is determined based on the combination of the degree of similarity to PIS and NIS using alternative gradient and magnitude.
Another contribution of the study was proposing the Modified Similarity technique, which could eliminate the problem caused by the method of calculating the similarity of the alternative to NIS (Si -) in Deng's method. This effective modified analytical tool could be applied for all ranking purposes. Thus Future studies could apply the proposed method to other areas of decision making or ranking other alternatives.
The results of ranking countries by the Modified Similarity technique shown in Table 8 are somewhat different from the 2011 HDR ranking. The reason of this difference is that the logic of comparing alternatives in MCDM methods is different from the simple or geometric average which is used by UNDP for ranking countries in terms of HDI. Since MCDM methods are known as formal approaches applied in a wide area of selecting or ranking alternatives in terms of various criteria, they can be useful for the purpose of proper ranking of the countries in annual human development reports.
As we pointed out earlier, another criticisms of the UNDP method for ranking countries based on HDI, is applying the equally weighting scheme of the HDI components. however we did not addressing this issue in the article, it is recommended that calculating the four HDR indices' weights through weighting techniques like Shannon's Entropy and AHP would be considered in future studies. The logic of weighting criteria through these techniques is different. Shannon's
Entropy is a kind of objective weighting methods of qualitative analysis combined with quantities analysis which can measure the useful information of obtained data. The smaller the information entropy is, the bigger the weight of the indicator is (Dong & Gao, 2012) . In AHP -270-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.837 method pair-wise comparison between criteria are made by the experts or decision makers to signify the comparative weights of these criteria (Bozbura, Beskese & Kahraman, 2007) .
There are numerous MCDM methods which can be used for comparing and evaluating the alternatives in terms of a number of criteria for the purpose of selecting or ranking. Some of the most frequently used MCDM techniques are AHP, TOPSIS, ELECTRE, Superiority and Inferiority Ranking (SIR) and Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE). These Decision making methodologies are separated from each other through different calculation methods. For example the core process in AHP is to create hierarchy and pair-wise comparison matrices in all the levels of hierarchy. In TOPSIS method, the calculation of each alternative distance from the positive ideal and the negative ideal solutions draws attention and in ELECTRE, determination of concordance and discordance metrics for each criterion is important (Ozcan et al., 2011 
